A manual for collection of relevant data sets for agroclimatological studies by Huda, A K S et al.
A MANUAL FOB COLLECTION 
OF RELEVANT DATA SETS FOR 
AGROCLIMATOLOC ICAL STUDIES 
AKS Huda, W S r i  Rama and SM V i m n i  
ICRlSAT 
httwcdoml Crow R u r r c h  Imtituto tot tho (kmiaArid Trwtr 
SRISAT Qctmmbru P.0, Andhra Prrbarh 602 324. lndlr 
l O I l X D I Y r @ M M 8  
Tbra SI an ta fomi  rapart t o  rtrmulrte 
rbFntiw u a  crrunt, t r m  prolrarfoarl 
coller#oer urd i r  eot a form1 
plrblrccltaoa bar*  the  e a d o n r r n t  of 
tba lortrtute.  










b ~ f u r n t  
Ml- 
Derirrblr 
notbade o f  datr collection 
Met oorolog ica 1 
Rainfall 
Air  t rprrturer  
Solar rrd irt ion 
twr porr t ion 
Wind rprrd aad direction 
Storhine 
Not rrdht i m  
Albedo rrdlrtion 
Canopy intercrption of PAR 
L u f  temperature 
Stoutrl  conductrnct and trrnrpirrtion 
Leaf wrter potential 
Crop 
Grwth stager of rrorghm 
L u f  r r u  
Soil 
Soil wrter 
Soil tarperr ture 
mrgament 
W a t t *  u r i c r l t u r l  rorwrcb t t i  rely heavily upoa the 
r r n i q ~ l l  C O S C I ) ~ ~  for tha t r m r f e r  of i n f o ~ t i o n  (Mia 1983). Fhir 
-8rtr th orllcaraity of ertabtirbing r netvork of u p r i m t r l  
r i t e r .  h l y r f r  of r a r o c l i n t i c  d r t r  of thrne r i t e 8  tam vatma 
rppsorcb would halp in t r rp r r t r t ion ,  #maer&lisrtion r o d  u t a r r i o o  of 
r a r u r t h  maul te .  Thia r q r r i r m  rn intardi#cipl iorry rcrrrernh ef for t  
for  i d e a t ~ f i a t i m  md collection of m i a i m  data r e  for the 
oor A-crop-wrther &ad uaaa-nt r7 r t  r: 
n e  a b b m  data r a t  t q o i r n t   YOU^^, houwer, C & ~ Q  depandia4 
upon tbe objectivor md the nature of q w # t l o w  that nead to  ba 
-red. lir (1~83 )  &f bad tbe mini- b t r  cr tbooe rbich are 
r q o i r e d  for r h p l e  I;onoQpe X emiromeat  interaction a d  ccrrrpltclitivr 
r o r r f r i r  of cmp p r f o n r a c r  a t  r i d . 1 ~  @ p r o d  r i t e r  rodlor re@rono. 
Tbe dr t r  r e t  i jurt  ruf f ic ies t  fo r  calculrt ion of biopbyricrl 
indicer,  for ~ n i t i r L ~ a i c l ;  and verifyin8 TWI of the rimplr crop 
d e l e ,  a M  for d r r e l o p n t  rad tort in4 of empirical yield pradictiom 
equatroor. 
)ropomrIr for collectioa of mini- data r e t r  for l iold 
u p r i r c r o t r  bwe b m n  made by Col 111-Ctorgr (19721, l r e r e  (19721, Mia 
(19731, 4- (19b01, and Uudr c t  81. (1980). The principle of 
c o l 1 u t ~ q  bfla eet L I  implicit i n  reverr1 m t i o m l  allid 
irternatioul flrld r u a r r c h  p r o g r  r w b  r r  the A u r t t r l i a  kt ioor l  
$oil I 8 r t l l ~ q  h o j e c t ,  the b i u r  Croppin( b y r t r r  P r o g r ~ r ,  tbr Yorld 
Wrteerslo$iul O r ~ u r i r r t ~ o a  Yhtrt Crop k o l o ~ y  Project, rnd thr 
Iatrnutioul Bc~cborrk l i t e r  for &rotechnology Trrnrfrr  ( UlUT), 
W lamiry I y r t  Rerrrrch Program of ICIISAT hrr k e n  +orkin8 
oa 1.1tilocrlltron crop modeliq e x p e r i r n t r  rince 1979 i n  cooperrtion 
r i t b  a e i m t i r t r  f r a  eight locrtionr i n  Lndia 1 - 3 1  rod one 
locrtlon (Plolr t o n )  ir Thailand, A m i a i m  b t r  r t t  urr  identified 
ir  r ratiw of t h r  coapr r t iog  ficientirtr  from there locrtionr held 
rt 1-T W t r r  i n  1979. A -0-1 for col lectioo of netrorologicrl ,  
crop, -LA r d  uuaaeat data  v4r prepared to  u i a t r i a  tbr uoifornity 
in data coll.ction acrorr locrtionr.  Ye o w  conrider i t  rpproprirte 
t o  m r r r  tbr manor1 baa& on our experiaace and publirb i t  for the 
of rcicrrt ietrl  techsrieiana ta ro1  red ia  reroc 1 iu t o l q i c r  1 rrroarcb. 
T b  &rLr w i t h  r l i 8 t  of mini- d r t r  ra t# .  A l k r t  of 
dAitiou1 I . t r  wtr t h b t  vorrld be h r i r r b l 6  t o  eol l8ct ir  4180 
ine ldad .  *thodo of bu collection rad tbe ure of required 
inatrrorata rtu cleo de rc r ibd .  The neme, ultG r d  the approximate 
price of ear!  of the i n r t n u n t r  a t e  tircra i n  A p p r d i x  1. 
2 * i . l  Mi- 
l l  m i  t e  l t o  potomtial 
maperatfocr* pelat ive hmM 1 ty, 
w i d  o p d ,  bright borrr of o u n r b i ~ , ,  w t  r r d i r t i ~ n ,  Uoop) 
i n t e n r p t  son ok pbotoqrtbeticrrl l y  active radiation (PAR), 
r r .o t r rmta  of leaf tmparr tu te ,  r t a u  trl cooductmce, t r r a ip i  rrtioo, 
l e u  r a t e r  p t r a t i r l .  
Genotype -me, pl-t deoaity, &tar  of mergence, rntbaair rod 
pb~riologierrl maturity, total  o u h t  of l r r r e r  (noo t i l l e t i ~  crop), 
maxim an4 f ina l  leaf ate8 rndex, total  d r y  u t t e r ,  grain yield, 
arrber of at fective t i l l e r r  .nd the i r  cootributioo to grain yir ld  
( t i l l e r i r q  crop). 
2.2.2 Derirrbl t 
Par t i t iowd dry u t t e r  r#L uraopy cover ( leaf  r r e r  index) ampled r t  
ot e lors  to  c r i t i a l  g r w t h  r t rg r r  e.g., panicle i a i t i r t i o a ,  aatberir  
ur pblroiologicl u t u r i t y  , r o n i t o t ~ n g  of phenologicrl rtagar , r e d  
w i g h t  m d  wed ourber. 
Appearance dater for  arch effect ive t i l l e r ,  larf r r e r ,  and total  
d q  n t t e r  for t r l l e r  md u r n  plantr a t  feu c r i t i c a l  g r w t b  r t q e r  
( fo r  t i l l e r a  crop). 
h a i l a b l e  water holding capacity and i n i t i a l  rvr i lab lc  u r t e r  cootrot. 
Available mil water rr  r fumctioo of deptb rod t i - ,  bulk b+witl, 
upper a d  lower u t s r c t r b l t  water rtorr(le vrlucr,  pB, i n i t i d  nutrirat 
rtatw, @oil  t r p e r r t u r t .  
Lcotl. of 811 trwawatr, tbr ir  t i r ing ,  rrrd l w e l  of input8 (el#. 
e r t l ,  i t r i ja t iom,  h r b i c i b  etc. ), rou rpacinl;, h p t b  of r a i q  
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U O 4  
wm c-r borr to re- lime of the chart. Ibr peo r r i a r r  ylrrm with  
me m e t  of t a i a f a l l .  In care there i r  no r r i a ,  the pea tracer r 
bori.cntrl llw. 
Iba 8-a rbould h 80 ~ r r t r l  id that tho rim of t h o  frralrrl 18 
bortroot.1 rlw r a t  a t  r k ~ l b t  o f e x r c t l y 7 ) c l l r k n r t b r g m d  
l.reL. lror ratti*ar) the pea t o  stm u r k  pcwr rufficient w t r r  into 
the ncrrvrr t r l l  the p a  rorcher the top rod ur te r  ayphow mat, 
After a i l  tha r a t e r  rr dtrtncrd out the p a  rbould k oa the r a m  lira. 
If not, rbe adjurtmmt of tbe p o  rhould be done. 
3.1.2 b r  Temperaturea 
* 
l b l r  rtaadard a i r  t r rpr r r turer  are  nuruod by u r i q  d q  bulb, wt 
bulb, utirrr urd m m i u  then#etora .  Tbroe r ro  u p o o d  u d e r  
r imi l r r  colrditroar i n  r rbol t r r  of apprared pattaro cal l rd the 
I t  mamoa Icrerr ( f i g .  2 ) . 
Pry a d  uot b u l b  t h e m e t e r a  i n d ~ c r t e  t b r  ~mrtratraaoor 
teaperrture and b u i d i t y  coodrtioo of t be  a l r  at  tbr t i w  of 
obrenr t ion ;  ubxlr  the r u i n  rrrd rlnrmm thermmatrrr radicate tho 
b~gber t  m a  lorwrt t r p r r a t u r e r  of t h e  d r y .  
Ibc bulb of wet b u l b  r b a m r e r  l a  r lvryr kept urt by maar  of r  
oar fo ld  of t h r n  urd  ro f t  u l l r n  rheath fed by water f r a i  a  bat t le  
thmugb a vlck. 
Ibe four theturretarm r r r  rebd t u ~ c e  d r i l y  1.e. at  the ti- of 
tbe routine mornrng and afternoon ~ b r a n a r i o o r .  
3.1.3 Solar b d i r t r o n  
A pyrr-ter ( I L ~ .  3 )  r8  rur t rble  fo r  lurrurrag global rum rod rky 
rrdir t ion.  The r i  1 rcon photodradt bu u d c  poorr b l  c the coortruct ion 
of r l r p l t  m r u r a u t e r r  of r e r r o ~ b l e  accuracy. Tbe pbotdiode i r  
r t rb le  rrrd the rerpoore of t b t  r i l lcon  pbotodlude rrnaor doer not 
crurc rerrour error prwlded t h e  pbotodrod@ I r  u r d  only for solar 
r d u t r o n .  & W -200s pyrrnae ter  ( LI-COO lnc, L r a c o l ~ ,  Nabrolu,  
USA) i r  r u r l r l  for tbrr purport. I h c  pyrlnacrttr rbould be rot  up on 
a  Level rurtrce free f r a  any obrtructroa t o  t r the r  d i f fur r  or direct  
radiation. 'he  rtnror could be coarrnrtatly lcveiled through t b t  ure 
of r -ti08 .ad Lwel lhg  frxture.  The vertical edge of the ranror 
r h l d  ba tccpt c l am to u r n t 6 r o  appraprratt corrot corr+ctioa. A 
a l i b r a t ~ o e r  c r r t i f  ~ c r t c  ruppl ked by the moufrcturer can br ured t o  
u l c u l r t e  the d r r l y  roErr r r d r s t ~ o o  la l rng lq r lb ry  f r a  the 
iete8ratcn: counts f o r  ercb d a y .  
lu or t m k  e v r p o r l r t r r o  are  the w a t  uid41y us& inr tnmeat r  for 
evrpotatron w r r u v n t  from f r e t  v r t a r  surfrcrb. The r t d r d  
~ m e d  e v r p o r i u t t r  i r  clara ' A '  p r ~  (Pig .  4). Tbe c l r r r  'A' 
evrprimter ( u r h  covered, f ixed point g a q a )  i r  am iaotnwnt 
for wuariag the m o t  of u r t t r  lo r t  by evapotrtioa per unit r r u  i n  
a  6i.m t u r  internal f r a  r rhal l a  contrraer. Ibe uowt of u t r r  
loat by naperr t ion  f r a  pan in ray givta ia t r rvr l  of time Ir  wraurad 
by rddilyl bum qtuat i t ie r  of ra te r  to the prn f r a r  gradwtcrd 
cylinder t i r l  tho r a t e r  l w r l  tmchrr the rsftrencr point. 
Oberrat&omr w i t b  tbe wrporrrtern rbould k u d t  mice brlly rt  
0830 caa 1 4  hrr 181. Clam tbe pro r r  i rqueo t ly  r r  D I K O I U ~ ,  
about oner r  fortnraht or w r e  often,  to keep ht f r e t  f rm oediwrtr, 
rctm roo oi l  f i l m .  W b l ~ t i  bemy rain8 threaten to uverflm tha pln ,  
t r o r e  mrouah ra te r  to lover the I w r l .  
3 .1 .5  Mind 6 p e d  rod Direct~oo 
1 
Tbe rind d ~ r e c t r a a  LD gtvrn by ro inrtrulcrot cel led the vimdvroe. I t  
r  brlaoeed l w e r  uhrcb tumr freely rbout r  vr r t rc r l  u i r .  lo the 
m r t  caproa type, oar end of the l w e r  rxporrr r  broad awfrce t o  the 
wind, r h i l r t  the o tbe r  rod i r  narrw rod point, t o  tbr dirwtion trta 
which the viad b lwr .  h d e t  t h ~ r  orerble r y r t r  i r  fired r ri8id 
crorr ,  tbe r r u  of rblcb r re  r r t  to  the four cardiarl direction, - 
l o t t b  (I), l r r t  (81,  South ( S )  and Yeot ( W ) .  Tbo r i n d  dirsctioa Lr t o  
be read f r a  the r i n d  vror to the ae r r t r t  of the  r ia tctn poiatr of tbr 
cumpa~r. Ylnd dlrectloa 11 rlvryr to  be rc)corbcd rr  the point f r a  
v h ~ c h  the vlnd comer. 
Ihe wind  rpetd or v lnd  torct La g l v a n  by rn rnrtrureot called the 
rater. I t  conrrrt@ ot  four h n l r p b c r ~ c r l  cup8  r t trcbrd to the 
mar of two crorred metal r t u .  T'be crcrrr 18 pivoted t o  8 vrrt ical  
r p ~ n d l c  parrrn8 through a brrrr  tuba attached t o  the rnr tmeter  box. 
I b a  foot ot the rp~od le  rest8 on r  r t t e l  br l l  plrced rnride r  hl low 
r t  tbt  brat of t b t  bat. Tht r o t r t ~ o n  of  the  upright rpindlr i r  
truuferred by u r n r  of r #err  t o  a countrr called the cyclautar .  To 
drrtonrioe the urnd a p e d  at the  A of o b r e ~ r t i o n ,  take two 
rucctr#rve readlago of the rar ropt t t r  a t  4a ~ a t c r v a l  of 3 minutsr, 
llubrtrrct the f r r r t  readrag t r a  the  recond one and multiply tho 
differesce by 6013, and the wind rpetd v l l l  be obtained r n  milar per 
bour. ( 1  u l e / h r  * 0.9 h o t ) .  7'ht average wrad r p e d  per dry i n  
r i l e r / h r  i r  g ~ v e o  rr  tbt  d i f  fartncc betveerr the tvo ruecerrivr! 
readingo r t  0830 hr IST raprratcd by 24 hrr divided by 24. Tbe viad 
inr t r t rcn t r  are f ued r t  0 h t ~ g h t  af rbout 10 '  rbavr ground level. 
Ibe Campbell rwrbine recorder 18 r a  lnr t r l sea t  f o r  recording the  
durrtlon of bright runrbrnt. I t  coarkrtr r r r co t i r l ly  of r  g l r r r  
rphcre of 10 cm diameter mounted crntrr l ly  on A rpbericrl boul. Tbe 
diameter of the b l  l r  rocb that when expored t o  the r w ' r  rryr the 
rpben f o c r p r ~ r  the raya rhrrply on r  card b c l d  i n  grower i n  the 
barl. ihree w t r l r p p r q  p i r r  of grower a r t  provided i a  the boul to  
cunod u r d r  rurtrble for d i f ferea t  rerronr. b a g  curved a r d r  a r t  
ured duriq  r w r  12  A p r ~ l  t o  2 deptembtr; short curved crrdr for  
r r s t e r  If  Octoebr to 28 februrq  rod rtrrrlgbt crrdr r t  quiocrorrr i . e .  
f o r  the  rnrroit tg period. Tbe action of the recorder depndr upm the 
c b r r i q  of the u r d r  by the b t r t  of the run rryr vbich are focurd on 
the card the g l r r r  rpSrere. Tbr s u r h i n a  recordrr urea the memeat 
of t h e  rm i a o t e d  of clock t o  form the t l m @  brr t r  of the record. Tha 
v b l e  i o r t r w o t  ~r w u n t d  on r u r b l r  mtooe vbicb i n  turn i o  r a t  up 
oa f i m  and r i l i d  r u p p r t .  Thrr recorder cra be u a d  f r a  5.8 t o  
45.W. 
kt ruirtiaclr oo the crop craoprer rrlr h w u u r e d  by net r d i c l ~ t r r  
8 .  5 ) .  I t  l r r l ~ u r e r  rdkat10a 00 8 bor~aon t r l  aurfrea, b e h a a ~  
wrveleqtbr of approximately 300 m rod 60,000 p. (O,I) -b.Ofim),  f r a  
tha uppet mb l w e t  b r i rpbr rcu .  The rerul taat  cra ba r u o r d d  by r g  
i r tas ra tor  rucb r r  LX-510, LI-550 etc .  Both borraontrl black rurfrcer 
( r e n r i q  akewmt8 C~O-1 17 con8trntra-ah 1 ver C h 8 m p i  180 h r v h  
rerrrturcc! ot 180-200 ohm) have bean abralded f r a  the effect  of rind 
rma weather by r p l r  of pol yetby l i n e  d-er wbrcb rrr opticr l ly  
trrorprrant from 0.3 t o  rppro r iu ta ly  MI*.. 
The hiaber the net r d r o m t e r  r e  mounted, the larger kr the r r e r  
cwerod tbe w r r u r r r r n t r  and l r r r  t b q  are rn f  lueoced by the 
vrr i r t roar  i n  the c h r r r c t e r ~ r t r c r  of thrr r r e r .  but an exterbiw 
b e ~ ~ h t  lerdr to tbr e f fec t  of rrdrrtkon of tbr Iryer bsltvoeo the 
rurtrca rad tbe 1 ~ r t n r 8 o t .  
Wet rrdr ~ e t e r  rsrroror  dif fercloce of g l o b a l  r rd l r t lon  ( r o l r r  * 
rky) rnd  longurre rrdietion raf lected f rcm ea r th4@ a u r f a c ~  r d  crop 
C8trOpkt#. 
3.1.8 Albedo b d ~ r t ~ o a  
A l k b o  i r  tbe perceotrgc energy raf lectrd by r rur t rcr  l a  r rpecifird 
band of u n t l r o g t b .  Ibr l n r t n a e n t  ured for mtrrurrna rlbedo 
radir t  &on i r  ul l ed  Al  b.4-r tar  ( ~ r g .  6 ) .  
I ba  albedo u t e r  coomrtr of h l g b  rtnoitrvrty r e n r i ~  elameat 
eoerirtzng of copperccmrtrntm t h c m o p ~ l a  t o  which 0 blrcbned raoror 
plate i r  rttrcbed rod r t r  r p c t r r l  r e a p o n r e  Ir from 0 . 3  to 2.6 microar 
(300 o t o  2600 m ) .  Tbr rlgnrl g e a t r r t d  1 8  d r  rdctly p r o p o r t i o ~ l  to  
the amount ot radirt lon f r l l ~ o g  on the rearor plate. ?or r r r u r i n g  
albedo rrdir t lon,  the A l b e d a t t s r  1 8  f rtrsd w r t h  r r p c i r l l y  berigned 
rhield ro th r t  t b t  inrtnment craoot ree r t 8  w a  rhrdov, or depaodiag 
upon the we, r r e r  of the r h d m  11 reduced to  an abaolutr m i a i u .  
Ubedocter hrr to be mounted on r tripod a trad ruch t h r t  i t  corer# 
the crop rad 601 1 r t  tbc r r t ro  of 50: %I rad can be coooeetd to  
iote&rrtarr  rucb r r  LI-510, LI-550 e t c .  
The o l t u r t t  rwrce  of prrctrcr l  l y  a l l  energy for  tbe phyaicrl bad 
biological procerrtr occurring on er r tb  1 8  rolr  r r rd i r  tion. A1 tbmgb 
99x of the ro l r r  r d r r t l o o  l i e #  between t h e  Iimlt8 of 0 .2  and 4 
u c r o a r ,  different r r v a l e q t h  brndr u y  crure differeta b ioehc ic r l  
effect#. Of a l l  tbe r r v e l e q t b  brndr, tbe r r l loa  betveea 0.6 t o  0.7 
ucroer i r  of W8t rmportbnce La t r N  of plrnt pbotoryntbetic 
c f f i c i a c t ,  and the rrdir t ion i n  t b s a  v a v e l e ~ t b  h a d  i r  u l l e d  
ILo to rp the t ru l1y  Lt1 .e  L d ~ r t t o o  (PM). 
A q o l r n t r  rmrar could k u a d  t o  w r a u r e  the amber  of photoma, 
i n  tbe 400-700 m ( v i r i b l r  r r w e l o q t h )  r rnar ,  received om plrae 
ru r t rce .  Ihe u u o r  may h m a t  coaveo~ent ly  l t v r l  led t h r o u b  tbr urr, 
of the .orrtiq and I @ V I ~ ~ I C L &  fixtur(lu and a n  be c 0 ~ e c t . Q  t o  
in tagrator  r rcb r r  LX-510 or LX-550. 
h o f  i ~ e  w u u r r 8 a t  of ?a (p lan t  c&nopy P?tD) can k b o a  by 
u r i q  portrblr 4 l e  iron f r o c k  u i t b  4 m a l l  d i u r r t a r  qwrtor 
aaarorr  and i a t q r r t o t r  (LI-COB lac.  , USA) . 
LI-191 8D l i a r  quantum renror r l o w  wrth LI-188 B i n t q r r t o r  
r t f e c t ~ v r l y  rverrgar (PWD) w e r  Ltr one meter l r q t h ,  elimfertia( tbc 
need for  r v e r r g i a ~  rerdiaar  from u o y  m a l l  d i r m t r r  renrotr  r r  r t r t e d  
a b r  ( r i g .  7 ) .  Stroo8at widence of the r r l r t r o n  htvrea r d i r t i o o  
ia t r rcep t ron  durina e n t i r e  g rwiay  r r r ron  rod raarul dry u t t e r  
p roduc t~on  of reverr1 crop@ g r w n  i n  toglaaf war reported by k n t r l t h  
an4 i n  tbore r tudier  r o l r r  radiat ion (U i i n  r4r  generally 
converted to  P?lP, which rr t h e  pref t r rwl  mearuraent  for  radia t ion 
ia tercapt lon.  
PPID 18 the amber of pbotonr i n  the 400-700 rra vavebaad racideot 
per unrt ti- on 4 w r t  aurf rcr .  The ideal PPPD renror rerpondr 
equally to r l l  pbotonr tplt hc 400-700 rpn wrvebrrrd and brr corine 
reaponre . 
3.1.10 k r f  Temperature 
Leaf t r p e r r t u r r  could be merrured by uriny " X n r t a t b ~ m "  I n f r r r d  
t h e m e t e r  ( l i l .  8 ) .  
A t  any t r p e r r t u r c  rbovc rbmolute z t r a  (-459.72.P) rnfr r rad 
energy ( t b e n u l  energy) i a  c r ~ t t r d  by r l  1 object r  and u t c t r i r l r .  The 
urourrt ot t h e m 1  earrgy a ~ t t e d  18 proportrorurl t o  the 4th pouer of 
t b e i r  rbrolute  tmpe r r tu r e .  The i n f  rrrad t h e m e  t e r  col l e c t r  t b t  
thermal energy a ~ t t c d  f r a  4 rurf rce  by r c rnr  o f  f ~ a ~ d  focur op t ic#  
and convtrtr  i t  in to  rn r l t c t r ~ c r l  rlgnal by e e n a i t r v ~  dc t rc to r  vbich 
i r  then a lec t roo ic r l ly  condltloncd fo r  rerdrng i n  t a p e r r t u r e  un i t r  
( 'C or 'P). I t  i r  f r a t  becrure i t  col l ec t r  LP energy a t  the a p e d  of 
l ~ g h t ,  rod the detector bu 4 ver). l w  purr .  The time conr t rnt  i r  0.1 
aecood, rbout 10 timer f r r t r r  thrn comentioorl  contact wt)tgdr,  
3.1.11 Stomata1 bnduc t rnc t  rod Trrnrprrr t ion 
Steady r t r t e  porome t e r  (Fig.  9 )  LI-I600 u ~ u f r c t u r n i  by LI-COR, U S A ,  i r  
r battery opetrted portable lracrtnaent and i r  primarily ured f o r  
r a a ~ u r i q  d i f  farent plant pa r r s o t t r r  ~ u c b  r r  leaf t a p e r r t u r e ,  
r e l a t i ve  b u i d i t y ,  t r r n r p i r r t l o n ,  and drffuarve r e r i r t r a c c  along witb 
cuvette tamperrcure, r r r  f l w  roto cuve t t t ,  PAR r t  the poiot of 
Yurt-tr . 
Winition of Stebdy S ta te  Coadr t~oa:  A r tcrdy r t r t t  c o d i t i o n  (ou l l  
balace)  i r  the oat vben the b u t d l t y  Ln the cuv t t t e  i r  u i n t r i n d  r t  
tbe r b i r r r t  v r l w  of h u i d r t y  , or another cborcn value of h u i d i t y  
b r i r e d  for  the m11 poiat.  A rterdy r t r t e  condition where the 
b d d i t y  i r  ertber aqua1 t o ,  or v c r q  m a r  the null  poiot ,  i r  r general 
toodit ioa tbrt rill & i r e  a c t u a t e  d i f  fuoivr reair turer  w r 8 u r o t r l  
t r rnciplo of Q p o t r t ~ o r :  A leaf rrapla i r  placed on to  the c w e t t a  
rper turr  of the renaor brad rad beld i n  place bt 8 c l u p i w  actiorr (lh. 10). T h  t r r r t rvo  hwiidity of the c w e t t a ,  i n  contact with thq 
uvrplr, i r  held conrturt r teadt r t r t r  coabitioa. ihe diffrrrivcr 
r e r i r t a c a  or water lorr  ( t r aa rp i r r t i oa )  18 datemined by the 
i n a t r p m t  roder thi r  r  terdy r t a t e  condition. 
Many f rc tor r  oarely 1tl;ht I w r l ,  C O i  level ,  relative h u i d i t y ,  
ambient t r p o r r t u r e ,  l e d  t r p e r r t u r r ,  leaf vr t a r  potential ,  rod rid 
u i i  1 ef f r c t  i n  itadin8 mt01trI  r r r i r  tlince. Ll-1600 dnimi8e 
diaturbiol; the itght Iwnl , r r l r t iwr  btmidi t y  , v b i r a t  t r p a t r t u r e ,  
and Lea! t r p a r r t u r r .  Rwen t ioo  of r l t e r r t i o a  of the rind 
en r i rooea t  - "bouodrry layer r*rircrncrn rr i y l r r c t i c r l  md i r  
r p p r o l i u t r l y  0.15 oec om' . To rvotd COa l w r l  rf frct, tbe 
obrer r r t iow r r e  taken r i  thin r  par~od of 30-60 rrcaadr. 
The technique of wrrur ina  l e r f -u r t r r  potcrotirl urrag prrrrurr  c h e b r r  
( ? i g . l l l  hrr berm b r ~ e f l y  dircurred berr. A leaf or lerty t w i l ;  i r  cut 
f r a  the trrnrpirrag plant and I ,  r t r l t d  into the prarrurr, chamber 
r i t b  the cut rurfrcr opt0 to t h e  rmorpberr. Thr prr#rure in the 
chamber i r  increrred unti l  the x y l a  rrp jurt beg~na to  exude frcm the 
cut rurtrce.  l h i r  prerrurt l r  equrl t o  the negrtivr bydrootrtlc 
praraure La tbr vcr r r l r  conaactrd v i th  the Ierf c r l l r .  Wben 
coeditroar or t q u i l l b r i u  r r e  ertrbllabrd brtvaen there two prerrurra, 
l,, cbe leaf v r t r r  p o t a n t ~ r l ,  cra be exprtrred r r  
b e r e  P raprertntr  the prwaure rppl led by the chmbrr rod 1 I i r  the 
orrocic effect  of tht  roluter in the x y l m  @rep. t l  I '  i r  aeglr@ibIe, 
than l,,, i r  c r t r n t t d  d i r w t l y  by P. 
fbt leaf r u p I e  rbould be c u t  f r a  tbe plant only once, 
pregerably v i tb  4 rbrrp h i f t  or t u o r  blrdt  c lor r  t o  tb t  midrib. All 
tmptatkonr to u k e  r recood, rmooth cut rbould be re r i r ted ,  r r  there 
invariably lead t o  txctrr lvely bipb v r t t r  potential v r l w r .  I t  wi l l  
be n o n u ~ l y  r r r i e r  t o  get r  quick leaf r r rp l s  by u k i n ~  rpproxiutely  
r 2 - a  cut r t  rrght rrrgler to  the midrib and tear  off tbe rrmple 
quickly. Tbe ample could tbtn be rntroduccd lnto r  r p l i t  rubber 
$topper. I h e  rtopper r c t r  4r r  colprerrioa gland f i t t ia l ;  rrcurely i n  
the preorure chrrba r . 
thr wrt rtap L O  tbe rnrcrtron of tbc rubber rtopptr into tho 
c h k r  top. After tbe inrert ion,  rppl icr t ion of r  tbin film of 
ra re l ine  oa the chmber top rad rrouod the #toper war f o u d  ureful for 
wry r e r l r q  of the c h a k r  top rod for prevention of rny gar 
1-#08. 
'Ilhrc f i a r l  r tcp i r  tbe qurck rerl lng of the c h a k r  top ro that 
t k  cut r u r f ~ c e  protwdrr above tb t  c h o b r r  top. The prerrurr from 
the q l r n d e r  i r  applied t u r n i n g  the valve t o  cbmbcr position. The 
t a t r  of rpplicctrolr of tbe preraurr  A. r a u l r t d  by the r a t e  v a i w  
t a t 1 4  u r a  t o  oar that tb r  prerrwc, i r  rpplred r lw l j r  mad rteadi1.y. 
I b s  rurraee of t b r  leaf or p t i o l e  i r  c r r e fu l l y  obrenlrd through r iou 
povrr (20 x )  I n r  &ad uheo tbe meaireur of ~ h r ,  rylcll rap just returvlr 
to  tbr cat  rar faee ,  the ptearurcl ro tba c b a b e r  i r  obmenc~d o r  the 
prerrure gam$cl. At Chi8  r t r g e ,  tbe r r l v e  rbould k turned on to  tbe 
o f f  portttou to  f a c i l i t a t e  tbe rwordiag of the r e r d i q  o r  tbe 
p a r e  a .  ihen the prerrut*  ~o the c h u b e r  i a  r a l r r r d  by 
t o r u i u  the valve on to the exbrurt p o r i t ~ o o .  
the  libeve r t rpa  r r e  dercribed in tbe* order rn which they a r e  
ca r r ied  out rn the f Aeld. fbr  vbole procedutr r t r r t i f q  f r a  cottima 
cbc r u p t e  from t b r  plant t o  recordin4 tbe reading, u r u l l y  taker 
about 2-3 minuter. 
A ruggrrted layout deprctina tbe rrmplr d e r ~ g n  o f  f ~ c l d  u p ~ r i w n t  i r  
o h m  i n  l igure  1 2 .  Ibe cooprr tLa8 r c i e a t l r t r  could vary the plot 
r i z c  depending upon the r v r i l a b r l i t y  of area. Tbrcr r r p l ~ c r t i o o r  a r e  
ruggeated r r  r m ~ n i u .  A brrcf d e r c r ~ p t r o n  of the  methad of crop 
data c o l l e ~ t ~ o o  11 given taklna OUT rorghum w d t l l n g  a x p c r i u o t  r r  ro 
rple. 
Ten conwcutlve p l rn t r  of each genotype r t ~ g a d  l o  each 
r e p l i c r t ~ o n .  E v e n  two to t h r t t  dryr obrcrvrt ion@ on th r  dater  for  
emergence of each leaf , I t r  davc lopaa t  and rnnrrcenct r r  val l  r r  the 
gmerrl  l rwth  rod devt lopl tn t  of  tbe plant a r t  trkca. lo  addit ion to  
there ten p l r n t r ,  rut f ~ c l e o t  nurbtr of p lantr  r n  t r cb  r e p l ~ c r t r o n  r r r  
r r rked ia f i f t h ,  t e n t h  rnd fifteenth lcrf when they arc  fu l ly  g r m  t o  
determine t o t a l  leaf amber rod t o  r t r r u r e  the l t r f  a r r r  for ercb 
)@a!. !b l t ruc t l ve  b ~ p l t r  f r a  1 B a r t8  r t  rrndola r r e  collected f r a  
each repl ica t ion once 8 weak for record~ng pl rnt  h e ~ g b t ,  lsrf  area f o r  
each l e r r  An #orghtm,dq wergbt of r t a ,  Itrf , leaf-@berth ,  herd rad 
grain. Ibe oorghulr growth r t q e r  d t rcrrbtd  by V&nderlrp and &we# 
(1972) r r c  monitored rcgulr r ly .  t o r  trample, kn arch  repl ica t ion,  rt 
l e a r t  10 p l rn t r  r r e  e x a i ~ t d  f o r  t b t  occurrence of r p t t i c u l r r  
p b t n o l q i c r l  event. I t  r r  rugpetted that  r t  the cooperating c rn t c t r  
a t  leart the dayr from p lmtrng  ro cer t rn  c r ~ t ~ c r l  ~ r w t h  r t rge r  rucb 
rr anetgence, prnrcl t  inrcAatAan, f lag I t a f ,  r n the r i r  bad 
phyeiological m t u r r t y  be recorded. Approrimatel y r week a f t e r  
w r i o l o g i u l  maturity, t b t  crop A h a n e r t e d .  Drtr on grain and 
atwer yield  a r t  rmordcd from tbc  bulk r rea r  r r  r b m  i n  the layout 
( 1  Tbe plbot population 10 recorded a t  h r n e r t  time and r t  t v o  
or  three othe t  t i r a  d u r i n g  the g r w l n l  rcrron. Herdr f r a  tea  
c m e c o t ~ v e  plantr  r r r  co l lec t td  a t  random f o r  y ~ t l d  caponaa t  
a ru ly8 i r  aocb r r  amber of grr  l o @  per bead and t t r  t vergbt. 
liorgbu g r a t h  ucd dc re&open t  r t rger  could be divided n o  the 
follwing ar r y g e r t e d  Vrodrrl r p  and Leve r  ( 1  9 7 2 ) .  
0 - Lrrrgtace 
1 - 3rd l t r t  
2 - 5th loaf 
3 - Paarcle ~ a i t r r t r o n  
4 - ?la& Ier l  
5 - Ot880 
6 - krtherlr  
7 - Boft doulb 
8 - nard &ouah 
9 - t b~8 io log ic r I  maturity 
I h e  rborr mattolud rorgbu gruutb rnd dmelopent  r t u r r  vould 
k grouped hato tbrrrr, ( t r r t i n  1 9 7 1 ) :  
W r t  boocriptioor of bow t o  idrrotrty rrcb r t rgr  are givan below: 
hrrritq t h i r  p h r e ,  tbe f o l  l w r o g  a r t  oblitrved: 
(i)m t CP1;J fit top8 of the lrrver of rbootr hrre 
opewd u p n  0- part#  of the p l o t  under obrenr t ron:  
(ill- -: Tht f 1r8t opened lrrver h r v t  rpprrred 
uver moat of the p l o t .  
If dw t o  drough t  or other unfrvorrblc c r rcmrt rocer ,  the rboot8 
hare not rpperrtd en marre, r  no te  t o  t h a t  t f f t c t  rbould be made i n  
t he  obrervrt~oor  r eg r r t r r*  
ri&n Icrdrog u p  t o  tb l r  pbrrt nr the  tbird lerf r t r r t ~ n g  t o  open 
UP 
Ih r i p  Irrdinl; up to thkr phme rr the f d t b  leaf r t r r t i n g  t o  open 
UP 
It i r  raid t b t  p n i c l c  bar ~a i t r r tc rd  when vegetrtive apex i r  
cmerted to  the reproducttve rtrge.  T h ~ r  r r  tbe w r t  v i t a l  r trge rnd 
a t  t h i r  time the rboot &per rhovr a rudbn conrtruction a t  the b 8 @ ,  
?hi8 r t rge ern be ldentlf ied by diarectiag t b t  #hoot apex r e p ~ r r t i a g  
l m e r  om om. By t b u  t l r  L~ve t o  mix ;erne8 t u d  already 
but the ramararng !ewer had ~ n l t r r t + d  coveria& the you* 
pamcle #ri8tem8. 
I h r a  etrge r r  nachad rhro the l r r t  leaf bar rrerl)rd. Tbir cdn h 
i b t ~ f i d  b~ r r i a r r y  na othet  l e d   nit i r t roo .  
?lag lart hm f u l l y  expanded .ad tbe bare of the f Lag leaf carplrtrly 
c a a r r  the r o r l i u  panicle. 
Tbrr pbawe rrtartr r r t h  tbe rpperraace of aatberr  on tho pr iae ipr l  
brroch of the e r r .  
h r e  aignr ot t h ~ a  r t aa r  r r r  r r  fa1 lava: Tbe r1ro of tbr  grr ioo i r  
nearly nonuL, but therr  c o l o r  a t i l l  r a r r rn r  green; r i  r & r a m  i a  
prrerad betvtao the f i n l e r r ,  r t r  caring break, rnd the  cont tnt r  flow 
our Irke milk. lo r  t h ~ r  operation, g r r ~ n r  r r e  taken f r a  the uppcr 
part of the rn f1o te rccnc~  from the a r i n  r r n .  hrrrna t b ~ a  pbrrt  
plrota r ra  @ C A I  1 gr r ro .  
k l k  b r  condeaatd rato  hrrdnerr aod by prrrakag t h s  grr ro  l iqutd m i l k  
doer not c a r  out. 
Z h ~ r  pbrrc could b t  ~ d t n t r C 1 c r d  by tho appcrrract of 1 b l a c k  layer a t  
tee by 18 region vhrch c m p l a  tely black8 the t ranr locr  tron of 
pbotorynthrter to the gr r r a .  
lallrrdurl leat rrer ot  each pl rnt  could be mearured by ~1100,  1 l e d  
r r t a  r t e r  (LI-3100 Are8 Hctt r ,  M D A  fartrumcntr Corporrtion, 
Lincoln, k b t r r t r ) .  Tbt llrrf r r r r  meter u t r  l r r e r  an electroaic  method 
i which rarple trrvel wrdrr tbc  f luorerceot  l ~ g b t  aource, the r u s e  
i r  ra t l ec ted  by r  r y r t a  of three mirrors t o  r  rot rd r t r t e  rcroniag 
crrrrtr. h a g t h  of travel r a f o n s t r o n  l a  dettrm1n.d Cra the l i ne  
c u r r a n t  frequency and m o t ~ r  r p c d  and a c c ~ ~ u l a t r n g  area L O  Q II 
draplryed on the UD d r ~ p l r y  witb tbc optronr for  1.0 or 0.1 rr 
r e r o l u t  loo. 
L u t  area r r r r u r r c r a t r  a re  coarealently coupled w i t h  dry u t t e r  
rarplrra. tea conrecutrve p l r a t r  r  rrmpled r r n d a l y  f r a  a rch  
tteatrmt. Tbe Iencrr ,  r t r r ,  pet io les  rad beado a r e  r e p r t r t t d  f r a  
each plant .  
Ibt t raorprrent  b e l t 8  r u p p l ~ t d  by tbr  uoufrctulrtr cra be wuntcrd 
m tbe upper pulley rrmmbly and the l w r r  pu l l ey  r r n a b l y .  rnDe meter 
i r  tbea colu+ctcd t o  r propltr AC aource rod t r  ready f o t  leaf r t r r  
S o r a b ~ .  l a m e r  rrcr cut l a to  r r l l t r  yreccrr rod r r e  fed on t o  the 
t r u r p a n n t  k l t  wwraa undernorth the f iuorercrnt  l i t h t  rouxcr.(;rrr 
ra,t be exarcired t o  ree t b r t  rrmpler that r t r  not folded whilr w v i q  
ion t r u r p r m t  k i t  rod k 1 t r  r r t  t o  ba c l e r a + d v l t h w t  c lo th  
f requrnt ly .  Ybeo tbr r r rp l e r  r t r  a l l  f e d ,  the leaf r r a r  io clr u n  k 
noted dOIO f r m  t b e  WFD dirplay.  h a f  #rmpler C I P  than h put i n  (I 
b r m  p p . r  ba8 for dry u t t e r  w r r u r r e u t r .  
&at r r r r  cra lrlro bc e r t t u t e d  f ram ~ c r r r u r r e o t r  of loaf l a q t b  
~ l d  ~ x m m  wrdth. P.#rrarron coalf  icrrprtr r r l r t t a 8  tbe product of 
Iar t  l e q t h  and u r t u  wrdth t o  leaf r r e r  fo r  four #eootyprr a t  
rorghm g r m  t  ICIISJT Center 8 yrvra ia  t ab le  1 .  t h e  
coaf f lc ien t r  ranged f r a  0,67 to 0 . 7 1 .  
3.3.1 Soil Ylter 
Thett r r t  d r r r e t  rod l a d r r u t  wtbod, t o  r a r ru re  l o l l  morrtura, rerd 
revr r r i  r l ternathve wry8 t o  oxptrrr  i t  q u r a t l t r t ~ v t l y .  Tbrre r r ,  
tb? t t tOte ,  no univrr r r l  l y  recugo~red r t radr rd  u t h o d  of rrrrutameot 
8 D d  no uaiform wry  t o  compute rnd prracot the r c r u l t r .  
Sorl m i r t u r e  coateat rr u r w l l y  t r p r e r r ~ d  r r  r dA.rnrronlerr 
r a t i o  of r r t e r  -86 to dry ro l l  u r r  ( g / g ) ,  or  o f  wrtcr v a l u e  of 
total a o ~ i  v o l u e  ( c c i c c ) .  There r a t l o r  r ro  u r w l l y  e u l t ~ p l i e d  by 100 
rad reported r r  pcrrceotr~sr  by m ~ g h t  or by volume. We rhrl  l proceed 
t o  d e r c r i k ,  brref ly , r a r e  of t h e  rout p r w r l t a t  metbod, for th r r  
d e t e m t a r t ~ o n .  
C r a v k c t r ~ c :  Tbe t r d i t r o m l  ("grrvrmetrrcn) u t h o d  of w r r u r ~ n g  the 
water content by u r r  conr r r t r  of rrrovlng r  rrmple ( e . 8 .  by 
rugerrng) 4od of d t t c r ~ i n l r y  l t r  " ro l r t *  rod; " d r y "  wrlgbtr ( t be  l 6 t t r r  
r t t e r  drying the r r r p l t  to  conrtrnt  welght l a  an oven a t  1 0 5 ' C ) .  n e  
I r r v m e t r l c  water coat to t  i s  the r a t i o  of  tbc werght lo r r  A D  d r y ~ n )  t o  
tbe d q  we18bt of the rsmple. 
nt rarauremeat of bulk d e o r ~ t y ,  p r r t i cu l r r l y  i n  the f r c l d ,  rr  
d i f f i c u l t  a d  rubjcct to  e r r o r @ ,  ' h e  yr rv l a s t r i c  method r t r t l f ,  
d e p ~ r n g  r r  i t  doer oa r r r p l ~ a g ,  t raarpor t rag,  and repeated 
uerghingr, m t r r l r  ~ n h e r e a t  e r ro r r ,  I t  L O  r l r o  lrboriour rod 
t u r c o a r u m g ,  rrnce r period of a t  l e r r t  26 hr  18 u r w l l y  a l l w t d  
f o r  complete d r y ~ n y .  ROC rtaadrrd u t h o d  of oven drying l r  r l a o  
r r b i t r r r y .  S a r  c l ry r  my r t r l l  coatrrn rpprecirbie rrountr  of 
rdrotbed r r t e r  wen  r t  105'C. Do the o tbr r  hand ,  8aoe org&nic u t t a r  
-7 oardi ie  md d e c a p o r t  s t  t h ~ r  t r r p t r r t u r t  80 that the vrrsht l o r r  
uy l ~ o t  k due a n t ~ r t l j  t o  tbe waporaC~oa of water. 
The er ror r  of the g r w r v t r i c  method crn be reduced by iocraariag 
the # i r e@ r o d  w b e r  of e .  f l auev~ t ,  the arrplrtrtm8tbod rr 
dertructire a d  uy d i r tu rb  an ob8enat1on ot  e x p e r ~ l r r ~ t r l  plot 
rufficieatly to d r r t o r t  the r r r u l t r .  For there ragboor, u n y  uorkat, 
prerer rndirect  u t b o d r ,  which perm&& v k i n g  f r q u e n t  or coatiaroo# 
u a r u r a e n t r  r t  the r a w  wracrr, rad,once tbe q u ~ ~ e ~ t  i8  i a r a l l d  
rad cal ibra ted,  w i t &  mcb l t r r  t i r  rod labor. 
I e u t r o ~ S e r t t e r i . ( :  ~ r r d v r u r q e o f t b r r r r t h o d i r  t b r t  i t  r l l ou r  
rapid rsd p r r i d i o l  ly r e w r t d  m e a r u r n t r  L D  t h e  r r u  location, ,ad 
dsptbr of the r o t w t r i c  r t t n e r r  of r  r r p r t r e a t a t ~ v r  r o l u ,  a t  r o i l .  
Tbe tnrtru+mt &awn r r  r aeutroo wri r ture  m t r r  (fia.14) 
coar ia t r  of two prracipr l  p r r t r :  ( a ]  r  probe v b ~ c h  r r  l w a r n l  into r o  
rccer r  tuba inarrted v e r t ~ c a l  ly in to  the r o i l ,  and rhich cootr inr  a 
rovree of f r e t  amatroar red a  detector of (lor meutroar; (b) r r c r l e r  
or t r temrter  (u ru r l l y  brttery-pourred and p t b r b l r )  t o  maitor t b ~  
f l u s  of r l w  aeutronr, v b ~ c h  rr proportiolul t o  tbomoi l  r r t r r  
coatur t . 
The f r a t  wut ronr  r r r  n i t t d  r r d ~ r l l y  rnto tho r o i l ,  r b a r r  t b q  
encounter urd co l l ide  c l a r t i c a l l y  with vrriour r t o l c  nuclei ,  and 
gradually lore  rome of t ba i r  k ~ o r t r c  enr tgf .  The rvrrrge loma of 
caerly i r  uximl  rbrn r neutron co l l ider  with 6 p l r t i c l e  of 8 m a r  
nearly equal to  i t 8  om. Such p a t t i c l t r  r r e  the bydtogen auclr i  of 
v r t t r .  Iht rrtrrge wobrr  of co l l i r i on r  required to r l w  r  neutron 
f r a  2 M Y  t o  thermal e n e r ~ r e r  i r  18 for hydrogen, 114 for crrbon, 150 
fo r  oxygen, and 9R + 6 for O U C ~ C I  of larger aaaa number N (Uoinbrr8 
rob U~pncr  1 ~ 3 8 ) .  In pract ice ,  r t  hrr been found that the r t t anu r t i ao  
of f r r t  ruutrooa i n  the roil  i r  proportronr) t o  tbc bydrogaa c o a t e ~ t  
of t b c  r o ~  A .  The r lv r td  ( t h e m 1  aaut ronr r c r t  t s r  rrndarly i n  the 
r o i ~ ,  forming r  c l o u d  around the probe. S o l p ~  o f  there return to the 
probe, rbercr t b t y  arc! countd  by r detector of r l o u  oeutronr. l%e 
detector c e l l  r  u r u l  ly f i l l e d  w r t h  B Y 3  $1'. Ybrn r  t h e r u l i r e d  
mut ton  oncounterr 4 108 oueltur  aad i r  rbrorbtd an r lphr pa r t i c l e  
( the h r l r u  oucleur) L a  a l t t e d ,  crer t lny r o  t l r c t r i c r l  pulre on r  
charged wkrc. The n u b e r  of pulrec over r mnrrurad time i a t e t r r l  i r  
counted r  r c r l t r ,  or iodicrted by r  r r t t  meter. 
Ibt t t f e c t l v t  c o l m  of r o i l  La w h i c h  the r a t e r  conteat i r  
r+r#ured depeodr upoa t b e  concentrr t lon of  t b c  hydrogen aucler ,  r .a. ,  
upom tbc caergy of the c r l t t t d  f o r t  amitroan. With the coumnly urrd 
r r d i w b e y u l l l u  rourc t r ,  the  ro l l  volume wrrurcd  rr  ro e l  fact r 
rphere, which 4 v e t  roi 1 rr perhrpr 1 5  cm l a  diameter, but i n  
r e l r t l v e l y  d ro l l  may be r r  great 48 50 cm or w r e  (da Vrirr  and 
f iq 1%1). This Iw degree of r p a t ~ r l  rcrolut ion maker the 
iar trrment rnrrultrblt  f o r  d t t t r c t r o u  of r r t t r c o o t e o t  d ~ r c o n t i o u i t i r r  
e . . ,  rcrttrog front8 or bouodrrrer between I r y t r r ) ,  or for 
wruuraeotr  c lo r r  to  the ro i l  rurf rce .  
Metbodr of c r l ~ b r r t r q  the newtroo morrture meter were d e r c r i b d  
by b l w r  (19101 aad B o l v r  rad Jekinron ( 1 9 5 9 ) .  la r o o t  r o i l r ,  i t  i r  
poarible to o b t r ~ a  r near i t  l l rrrrr  dependeoct of the count r a t e  upoa 
tbe voltmetric vetbcrrr of  the rol 1 .  
k p r o p r  u r t  of the aqurpwnt can be b u r r d o u r .  T&e d.o(lrr from 
uporare to  r a d i a t i o n  dspeodr upan the r t r rng th  of the rourcr ,  the 
diataacr frum the rourcr t o  the operator ,  rad tbe  d w r t i o o  of 
expeaore. A protective r b l e l d  ( g e n t r r l l y  conr i r t i ag  of l e d r a d  
p.r.tfL or polyetbylent rn r  cylimdricrl ly rbrped unit wi th  a central 
bole to rec t e  the p r o k )  rr an e r r r a t i r l  capoaeot of tba 
cqurpent ,  md i t  r l r o  oerrer r r  r  rtrodrrd rbrarbar for c b u k i a g  the 
r e r d ~ w 8 .  Y i t b  r8rroarble care rad attentton t o  rrfety ruler ,  the 
t q u r p s n t  can k r r r d  r r t e ly .  
3.3.2 Sail Taparr t r reo  
f o i l  (or r r r t b )  tbanwnetero r t n e  f a t  tha mrrur-at of tho 
t ape ra tu to r  An the upper e t r r t r  of  tbr  krrth. i n  drptbr 4mm t o  
rpprox. 30 a ( r . e . ,  1,5,115 and 30 a) w c u r y - ~ a 6 l r r r  tbrrracl torr  
can be U B Q ~ ,  v8lrt l  of uhlch I @  rrrur#ed La t h e  c o r r e r p o a d i ~  depth 
ubererr i t8  r c r l t  rr r l t u r t d  rborr the e r r th ' r  rurfrce tn  order t o  
f r c i l ~ t r t r e  the readrn&. I%@ ~ n r t r ~ l e ~ t a  tot  deptbr o f  100 rad 150 m 
are r l r o  mercury-ta-glrra t b a m r t e r o .  Tht ther rar r t r r r  coarfot of 
~ l r r o  varrol f l l l r d  with tbo wrcu l ry  and of t h e  & l r r r  c rp i l l r ry  fured 
to i t .  An roon rr  tho t a p e r r t u r e  r l r e r ,  the rrrcury ia prererrd i n t o  
the glrro u p t l l r q .  A r c r l r  rupport u d a  of  opal ~ l r r r  r r  r r r u y r d  
behind the c r p ~ l l r r ) .  S c r l e  rupport  and crprl l r ry r r e  rurrouaded by 
rn roc lo8 iq  tuba, tho loves p r r t  of r h r c h  rr melted t w r t b e r  w i t h  the 
acrcur). veroal. Tbe i r r r o o  d e p t h  i r  crlculrted from the louar rad 
o f  ~ b t  bemcmtter b u l b  u p  to the mrddle o f  the  l u i f f e  r r t w t r d  l a  the 
upper prrt  of the r t r .  A met41 f r u c  18 u r t d  r r  mountray rupport for  
ercb r ingl t  t a r tb  t b t m t t t r .  The ae r ru r~ng  I l a l d  rhould be bare 
around. Ueedr have t o  be r m o v r d .  Y a I k l n y  on the warurrng f i e l d  
I;&ver r i r a  t o  ro undtrircrd r l t t r a t ~ a a  of tbc ground condittoor. na 
t r r t h  thcrmaeterr r b o u l d  h r r r d  a t  the two prercr rb~d troar (0830 
and 1430 hrr 1 S T ) .  
& l r t ~ v c l y  baogcncrour a d  wr f o m l  y 1sve1 lad f rsld, rbould be 
rclected fo r  cooduct rng the erpcrrlrnt , .  Tberc rbould be adequate 
drainage f r c i l i t i t ~ .  O~urlly u n r g r r t o t  rr directed t w r r d r  good c r o p  
t r t a b l ~ r b u c n t ,  cootrol of  ucedr, pe r t r ,  rnd d ~ a c r r s r .  I f  there r r e  
not c o n t r o l l e d ,  tbcn weed rrmplrny (dry matter a t  ra ther ir  and 
b r r r r r t )  or A D  and ratrag of damage by p r r t r  and/or direrrer  be 
recorded. Land uer n l r t o q  cro DQ of d ~ r g n o a t r c  v a l u e .  
Table 1 .  tgrarrrcn corfficimto r r l r t ~ w  tbe product of leaf lepltb 
a d  u x ~ n  wr l th  to  leaf r t r r  of r o r g b u .  
----.-..r**.c.c- ..IN---C-II.I...H-ICIao--- 
%error 6 - t ~ ~  kr. of Ilr8rrr rioo* 1 T- 
Obrrrvrttoar coef f i c i r a t  (b) 
__--"U----"-*---"CIIIC------------~---------*--"mm---- 
ulllb,L.Y. wbete I ,  t ,  and W r r r  l e a f  r r e r ,  l r r f  lengtb rnd 
lvrimm rrdtb reaptc t rvr ly .  
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FIGURE 13. LEAF AREA METER 11-3100 
FIGURE 14. NEUTWY( MOISTURE METER 
, J 1980. B n r a  data nguirmmto In rice rrp.rirclt8. 
P4er  95-99 10 h o c e d i l ~ r  of r UMb111;1 8ymporiu m tbn 
&tckllitourology of tb4 Rice Crop. 3-7 kcomkr 1979, 1 la# 
1 1 r e  . 1972. The m i a m  mprrlwntrtion r q r i r d  tar tb 
Iortrtutr or; hdotogy, h b l .  H72-5. 
h a ,  J. rod r.n, Kim. 1961. Mote 08 t h ~  volm(r 01 inflwnc~ 
ol r matron rurfrce mointure probe. Caa. J. Soil Sc i .  41, 
253-2157. 
Irrtia,  J.D. 1971. Pktocoryotbrrrr rad t rrnrlocrtion i n  relation to 
plant devtropent. lo : M.G.P.  itaorr4L.R. &otrre(Idr,) 
India. 
r e  1912. S a t  cmclur~oar on ths urrfulasrr of carpletipl the 
carer1 iuprwnent and productton project by 8- 
Bolwr, J.Y. 1950. CI~ibrrt ion and field ure of tbe aratror 
rcrttrriag wtbod of wrrurrng coi l  vrtrt content. b a t .  J.  
Mpl. Sci, 7 ,  44-56. 
blrrr,  J.Y. ma A.P. Jsnklafioa. 1959. Tecbalguae for wia# tbr 
wutrm m ~ r t u t e  u t e r .  3. S r .  kg. Rer. 4 ,  lOOIIO9, 
P o b r , l i . t . S . ,  Bivrlcurr,U.V.II. rod8.H. V i r u n i .  1 9 1 ,  Ydrlio(l 
rpyoachcr ma m i n r n  b t r  #e t . h8.r 197-201 in  h#od&r 
au Imtrnutioml Wrlubp m tbJJt0cl~uto1ot;iul bauml ladr 
